Reinfections with Trypanosoma cruzi in patients from endemic areas have been claimed to be an aggravation factor of cardiac manifestations in Chagas' disease. In the present study, the influence of triple infections with strains of different biodemes, on cardiac and skeletal muscle lesions was experimentally tested. Fifty eight mice chronically infected with the Colombian strain (Biodeme Type III) were successively reinfected as follows: 1 st group -reinfected with 21 SF strain (Type II) followed by Y strain (Type I ); 2 nd group -reinfections with Y strain followed by 21SF strain. Isoenzyme analysis of parasites from hemocultures obtained from triple infected mice, revealed the patterns of three distinct zymodemes in the same animal. Each Trypanosoma cruzi strain was reisolated after four passages in mice on either the 7 th , 14 th or 30 th day after inoculation with the blood of triple infected mice. Histopathology results demonstrated a significant exacerbation of cardiac and skeletal muscle inflammatory lesions, confirmed by morphometric evaluation, in mice with triple infection. No aggravation of parasitism was detected. The possibility of an enhancement of cellular response in the triple infected mice is suggested. Key-words: Biodemes. Chagas' disease. Reinfections. Trypanosoma cruzi. Zymodemes.
Early studies on the clinical manifestations in patients chronically infected with Trypanosoma cruzi, in endemic areas, emphasized the importance of reinfections in the maintenance of parasitism and in the severity of cardiac lesions 10 . Epidemiological observations by Dias 13 in Bambuí, MG and Macedo 16 in São Felipe, BA, comparing the incidence and severity of cardiac disease in areas in which the vector has been eliminated, have confirmed these impressions.
Experimentally, different authors have studied the influence of reinfections and the results pointed to the development of a resistance after a first infection 2 8 9 11 25 . This resistance avoids the development of an acute phase of reinfection with a virulent strain as shown by Andrade et al 3 who reinoculated with the Y strain, mice chronically infected with the Colombian strain. However, an important aspect emerged from the experimental studies, the demonstration of persistence, and the possibility of the identification of T. cruzi strains inoculated in mice previously infected with a different strain 2 3 12 . These results indicate that the resistance conferred by a previous infection is partial and does not prevent the development of the parasites of a new inoculation.
The question remains whether the persistence of parasites of multiple infections with strains of different biodemes, influences the evolution and intensity of cardiac lesions in the chronic phase of infection.
In the present study an investigation into the influence of multiple inoculations in the pathology of experimental infection in mice was realized. Three strains, prototypes of three different biodemes Types: I (Y strain), II (21SF strain) and III (Colombian strain) as described by Andrade 1 , and Andrade & Magalhães 4 , were used. Considering their pathogenicity and tissue tropism, an evaluation of the intensity of the tissue lesions determined in the experimental mice submitted to multiple infections was performed. The reactivation of each strain reisolated from mice with triple infection revealed the maintenance of their virulence and pathogenicity for naïve mice and permitted the realization of their biological and isoenzyme characterization. We believe it is of clinical interest to investigate the potential to produce lesions with a combination of strains of three different biodemes in the experimental model.
MATERIAL AND METHODS
Experimental animals. Swiss Webster mice, raised in the animal facilities of the Centro de Pesquisas Gonçalo Moniz-FIOCRUZ were used. They were maintained in accordance with the ethical guidelines established by the Ethical Committee for the Use of Experimental Animals (Comissão de Ética no Uso de Animais -CEUA-CPqGM-FIOCRUZ).
The experimental mice weighed 10-20g and were successively inoculated with strains of T. cruzi of three different biodemes (Types I, II and III). The infected mice were evaluated with respect to parasitemia, mortality, and histopathological lesions. Identification and recuperation of the different inoculated strains were performed.
First inoculation: 120 mice were inoculated intraperitoneally with the Colombian strain of T. cruzi (Biodeme Type III; T. cruzi I). The inoculum was of 5x10 4 blood trypomastigotes. Infected mice were evaluated during the acute phase of infection with respect to parasitemia and cumulative mortality. Twenty one mice with single chronic infection with the Colombian strain were killed and submitted for histopathological study 50, 80 and 130 days post-infection. Histopathology of 18 mice killed in the acute phase was not included in the present study. Mortality in the acute phase was 23 infected mice. Excluding those that died spontaneously and the animals sacrificed for study, a total of 58 surviving mice infected with Colombian strain were used for reinfection. Table 1 summarizes the distribution of the experimental groups. Second and third inoculations: 50 days after the first infection with the Colombian strain the 58 surviving animals were divided into two groups that differed in the sequence of inoculations, i.e. 1 st Group was first reinoculated with the 21 SF strain followed by the Y strain; 2 nd Group was first reinoculated with the Y strain, followed by the 21SF strain. 1 st Group -38 mice were reinoculated on the 50 th day postinfection with the 21 SF strain (Biodeme Type II, T. cruzi II). After reinfection 1 mouse died spontaneously and 5 were sacrificed for histopathology. Twenty days later the 32 surviving mice were reinfected with the Y strain (Biodeme Type I, Z2b). At the end of the experiments, 5 mice with double infection and 31 mice with triple infection were studied (Table 1) .
2 nd Group -20 mice (infected with the Colombian strain) were reinoculated with the Y strain on the 50 th day post-infection. After reinfection 1 mouse died spontaneously and 7 were sacrificed for histopathology. Thirty days later, 10 mice were reinfected with the 21SF strain. At the end of experiment 10 mice with triple infection were studied.
Control groups with single infection: 20 mice inoculated with the 21 SF strain and 20 mice inoculated with the Y strain.
The inocula for all the groups were of 5x10 4 blood trypomastigotes, obtained from mice infected with the different strains maintained in the laboratory by successive passages. After each reinoculation the mice were evaluated in respect to parasitemia and mortality.
Histopathological study. From each of the groups, with either a single infection of each strain or double infected and triple infected, mice were killed by exsanguination after anesthesia.
From each mouse, the blood was collected for hemoculture. Complete autopsies were performed and several organs were fixed into 10% buffered formalin. The tissues were embedded into paraffin and 5 m sections, stained with hematoxylin and eosin were obtained for histopathological study. Table 1 shows the number of mice sacrificed from each group.
Morphometric evaluation: quantitative evaluation of the inflammatory infiltrates of the heart and skeletal muscles was performed on the histopathological sections obtained from 9 mice with single chronic infection with the Colombian strain and from 7 mice with triple infection in the 1 st group and 8 mice in the 2 nd group (Figure 2 ). The number of mononuclear cells of the inflammatory infiltrates was counted in five microscopic fields of 12mm 2 , non successively, using an ocular lens 10X and an objective 40X (total area of 60mm 2 ). For all semi-automated morphometry, a light microscope (Zeiss) was used and the images were captured and evaluated using the program Axio Vision 3.1(1998-2002) Carl Zeiss Vision GmbH (Zeppelinstrasse 4-88553999 Munchen-Halbergnoss, Germany). Statistical analysis -nonparametric ANOVA and Dunnett´s multiple comparative tests were applied. Results were considered significant when determinations reached p<0.05.
Isoenzyme characterization: was performed according to Miles et al 19 using the culture forms obtained after hemoculture in Warren medium of the blood of mice sacrificed in all groups, with single, double and triple infections . Parasites from the cultures were washed four times with centrifugation at 2,000g in buffer tris-KRT pH 7.3 and enzymic extracts were prepared and stored in liquid nitrogen as "pearls". The following isoenzymes were tested: alanine aminotransferase (ALAT-E.C.2.6.1.2); aspartate aminotransferase (ASAT-E.C.2.6.1.1); glucose-phosphate isomerase (GPI-E.C.5.3.1.9); phosphoglucomutase (PGM-E.C.2.7.5.1). Electrophoresis was performed according to the method of Miles et al 19 .
Reisolation and identification of the inoculated strains.
For the re-isolation of the strains of different biodemes, inocula were obtained from mice with chronic triple infection and injected into suckling mice. From these infected mice, inocula were obtained and injected into three different groups of weaning mice with the objective of reisolating each inoculated strain. For that, four passages into weaning mice were performed for the separate groups every 7 th day (for reisolation of the Y strain), every 14 th day (for reisolation of the 21 SF strain) and every 30 th day (for the Colombian strain), respectively.
Parasitemia and cumulative mortality: were evaluated for each group. Histopathological study: three mice were killed (from each group) on the 7 th , 10 th , 14 th , 20 th and 30 th days post-inoculation. Fragments of heart and skeletal muscle were fixed into buffered 10% formalin and embedded into paraffin. 5 m sections stained with hematoxylin and eosin were examined.
RESULTS
Parasitemia profiles of mice with the first infection by the Colombian strain, followed by reinoculations with the Y strain and 21 SF strain are shown in Figure 1 . No reactivation of parasitemia was detected after reinoculations. Days of infection B Mortality. Table 1 represents the number of mice that spontaneously died in the course of infections.
Isoenzyme profiles: enzymic extracts obtained from parasites isolated by hemoculture from mice with triple infection -were submitted for electrophoretic analysis for GPI, PGM, ALAT and ASAT (Table 2) . 1 st Group ( Table 2 ). The profiles of GPI and PGM, from 4 samples obtained from mice with triple infection (identified as 820, 821, 823, 824), represent the patterns of zimodeme Z2b (Biodeme Type I); in one sample (identified as 867), the pattern of the zymodeme Z1 (Biodeme Type III) was revealed (Figures 2 A, B) . The profiles of ALAT for 3 samples (821,823, 824) represent the zymodeme Z2b (Biodeme Type I). One sample (820) showed the profile of Z1 (Biodeme Type III) (Figure 3 A) .
The patterns of isoenzyme ASAT for samples 821, 823, 824, revealed the profile of zymodeme Z2 (Biodeme Type II) and for sample 820, the profile of Z2b ( Figure 3B ). 2 nd Group ( Table 2 ).The isoenzyme profiles from culture forms obtained from one mouse with triple infection (sample 822), revealed for GPI and PGM revealed the pattern of zymodeme Z2b (Biodeme Type I). The enzyme ALAT revealed the pattern of zymodeme Z1 (Biodeme Type III) and the enzyme ASAT showed the pattern of Z2 (Biodeme Type II).
Histopathology. Inflammatory lesions in the myocardium and skeletal muscles were evaluated semi-quantitatively as absent (0) , mild (+) moderate (++) or intense(+++).
Single infection with the Colombian strain (mice in the chronic phase of infection). Myocardium (Figures 4 A,B) -from the 50 th to the 130 th day post-infection, in most of the cases, mild (+) or moderate (++) diffuse inflammatory infiltrates were seen in most cases predominantly in the atrial myocardium, in the absence of parasites. Skeletal muscle (Figures 4 C,D) -inflammatory infiltrates were absent in a few cases and varied from mild to moderate in the majority, occasionally associated with the focal destruction of muscle cells in the absence of parasites. None of the mice showed intense lesions either in the myocardium or the skeletal muscles.
Single infection with the Y strain (mice did not survive until the chronic phase) On the 10 th day of infection, the presence of intracellular amastigotes in the cardiac fibers without inflammation was registered. Focal inflammatory infiltrates and scarce intracellular parasites were present in the skeletal muscles.
Single infection with the 21SF strain (mice did not survive until the chronic phase). Twenty to 30 days after infection, an inflammatory process varying from moderate to intense was present in the myocardium and skeletal muscle, related to the presence of disintegrated intracellular parasites. Double infections. Colombian strain plus Y strain. Mice were studied at two points after reinfection (63 and 84 days post infection with the Colombian strain, plus 13 and 34 days post-infection with the Y strain): the myocardium Tropical 39(1):1-8, jan-fev, 2006 A Figure 6B ). An increase in inflammatory infiltrates was also observed in the myocardium, although without statistical significance (p>0.05), (Figure 6A) .
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Results of reisolation of the inoculated strains. Parasitemia of the three groups of mice in which reisolation and subsequent passages were perfomed showed the parasitemia profiles of Biodeme Type I for the passages performed on the 7 th day of infection; the Biodeme Type II profile of parasitemia was seen in those submitted for passages on the 14 th day and the Biodeme Type III profile of parasitemia for the isolates of passages performed every 30 th day (Figure 7) .
Histopathology of the groups of reisolation. Inocula obtained after passages performed every seven days in mice, determined lesions characteristic of biodeme Type I with typical macrophagotropism and the presence of myocarditis in the early phase of infection. Mice that received the inoculum obtained after passages performed every 14 days These results indicate that a selection of each strain was obtained, confirming the persistence of parasites from each inoculation.
DISCUSSION
The importance of reinfections in cardiac morbidity of Chagas disease, has been suggested by clinical observations 13 16 . Recently, Dias et al 14 performed an extensive revision on the impact of Chagas' disease control in Latin America, by the elimination of domestic vectors and transfusional transmission. A reasonable reduction of morbidity and of precocious mortality due to infection with T. cruzi was detected. The conclusion is that, multiple reinfections in endemic areas could be considered an important factor in the morbidity of Chagas disease and that the rupture of this chain, by vector control has positively influenced the evolution of the disease. Previous experimental studies have demonstrated, either through biological characterization 2 or by schizodeme analysis 12 , the persistence, in the same animal, of two inoculated strains of T. cruzi in the same animal. The present study demonstrates that successive infections by T. cruzi represent a real risk of exacerbation of inflammatory cardiac lesions in chronically infected mice and the aggravation of tissue lesions in mice with multiple infections. However, it is important to emphasize that the sequence of inoculations of the different strains has a clear influence on the results. Myocarditis and myositis aggravation does not occur simultaneously. As was shown, myocarditis is not intensified when the last infection was realized with the 21 SF strain, although a significant increase in myositis was detected. In contrast, when the last infection was performed with the Y strain, a significant intensification in myocarditis was observed. Although myositis was also intensified this was not statistically significant. Since the Y strain is highly virulent and shows rapid parasite multiplication, its virulence and pathogenicity could be responsible for the degree of lesions precociously observed after the last infection, predominantly affecting the myocardium. Tissue tropism could also be considered an important factor in the determinism of lesions and it is possible that the last inoculated strain predominates either in the myocardium or skeletal muscles.
In the present study, confirmation of the coexistence of three strains in the same mouse was performed by the isoenzyme profiles of ALAT, ASAT, PGM and GPI which distinguish the three biodemes 5 . Interestingly, enzymic extracts obtained through hemoculture from the blood of the same triple infected mice, revealed the zymodeme Z2b (Biodeme Type I), for the enzymes GPI and PGM, Zymodeme Tropical 39(1):1-8, jan-fev 2 1 (Biodeme Type III) for the enzyme ALAT and zymodeme Z2 (Biodeme Type II) for the enzyme ASAT. This result indicates concomitant infection with the three strains, although each one was revealed through a different isoenzyme. Furthermore, the three strains of the successive inoculations were reisolated and the characteristic lesions and histotropism of the different biodemes, each maintaining the biological characteristics of the original strain, were determined in suckling mice.
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These findings have clear implications in the unsuccessful attempts at vaccine development using attenuated or killed parasite forms, by several authors 7 11 16 17 18 20 22 23 24 since even the patent infection does not vaccinate against T. cruzi infections.
The increase in inflammatory lesions was not accompanied by an exacerbation of parasitism. However these lesions became intense and confluent, with macrophages and histopathological characteristics of cellular immunological response.
It is known that chronically infected mice develop a mechanism of delayed type hypersensitivity response, as reviewed by Reis 21 . This response probably controls parasitic proliferation and maintains the host/parasite equilibrium, with subpatent parasitemia. Characteristic focal and perivascular mononuclear inflammatory infiltrates are present in the heart and skeletal muscles, and focal necrosis of non-parasitized myocells is present. Aggravation of delayed type hypersensitivity lesions can occur by interference with the immunological mechanisms. In dogs chronically infected with T. cruzi, the cardiac lesions were aggravated by the use of cyclophosphamide in low doses, which interferes in the immunological network, as has been shown by Andrade et al 6 .
The possibility that successive inoculations could influence the mechanisms of immunological response in the mouse model can not be discarded.
Additionally, the hypothesis that multiple infections potentiate and intensify the inflammatory response, could be considered as one explanation of the results obtained in the present study, which showed an intensification of the lesions found in mice with triple infection. A cumulative effect produced by the infection with T. cruzi strains that differed in their tropism and pathogenicity could be present, considering the aggravation of the inflammatory lesions and their predominance either in the myocardium or skeletal muscles, depending on the sequence of inoculations.
